It is well known that under normal conditions the red cell membrane uses energy from the hydrolysis of ATP to pump sodium outward and potassium inward, and that both the active movements of ions and the associated hydrolysis of A T P are inhibited by cardiac glycosides. The active uptake of potassium is balanced by an outward movement, which is thermodynamically downhill but which cannot be accounted for merely by simple diffusion. Ussing (1) has shown that, when ions move across a membrane independently under the influence of a concentration gradient and an electric field, the ratio of the fluxes in the two directions is given by where m~ and mo denote the inward and outward fluxes, a~ and ao are the activities of the ion on the two sides of the membrane, Z is the valency, E is the electrical potential, and R T and F have their usual meanings. If the activity coefficients are assumed to be the same inside and outside the cell, and the membrane potential is calculated from the chloride ratio assuming a passive distribution of chloride ions, it may easily be shown that for fresh red cells in isotonic solutions of alkali metal chlorides, the outward diffusion of 1.6 meq K/liter cells per hr should be accompanied by the inward diffusion of about 0.015 meq/liter cells per hr per meq K/liter in the bathing fluid. Experiments with tracers do show a component of potassium influx that resembles a diffusional flux in varying linearly with external potassium concentration (2), but its magnitude is only about half the predicted figure.
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Further evidence that simple diffusion cannot account fully for the potassium efflux is the finding that digoxin reduces the efflux by about one-quarter (3). This inhibition of a downhill flux was unexpected at the time of its discovery, and led to the suggestion that perhaps part of the potassium efflux represented a kind of "backwash" through the pump.
For about ten years the idea of a backwash remained no more than a suggestion, but two recent developments encouraged further investigation. In the first place, there was evidence that the entire transport system could be made to run backward, incorporating inorganic phosphate into ATP (4, 5) . The other development was a growing belief that sodium ions were somehow involved in a phosphorylation step and that the entry of potassium was associated with dephosphorylation of an intermediate and the release of inorganic phosphate into the cell interior. This belief is derived from the results of experiments of a number of different kinds, none of them conclusive but together forming a rather impressive body of evidence. First, and most obviously, it is derived from the observations of those who have exposed membrane ATPase preparations to 8~P-labeled ATP and have observed that in the presence of magnesium plus sodium ions radioactivity is incorporated into the membranes and that potassium ions permit the release of this incorporated radioactivity (6-12, but see 13). Secondly, it is suggested by the finding that, under certain conditions, when there is no potassium outside the cell the pump mechanism may catalyze an exchange of sodium ions that requires the presence of ATP but is associated with little or no hydrolysis (14) (15) (16) (17) . There is more than one possible explanation of this finding, but perhaps the simplest is to assume that the formation of some phosphorylated intermediate is required for the movement of sodium, but that this intermediate is not broken down until the stage of potassium entry. The association of sodium with a phosphorylation step is also suggested by the properties of the ATP-ADP exchange catalyzed by membrane preparations from the Electrophorus electric organ (18, 19) .
After treatment with N-ethyl maleimide, or when the concentration of magnesium is very low, it has been shown that the exchange reaction occurs only if sodium ions are present. This seems to indicate a role for sodium at the very beginning of the transport ATPase system, though it is not clear why the requirement for sodium ions can be demonstrated only under rather peculiar conditions. The association of potassium with a dephosphorylation step is suggested by the now numerous observations on potassium-dependent, ouabain-sensitive phosphatase activity of cell membrane preparations (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Those who have studied this kind of phosphatase activity have conflicting views about the relevance of their findings to an understanding of transport ATPase activity, but the number of properties shared by the two systems, and the crossed competitive inhibition seen when ATP and acetyl phosphate are added together (23, 29) , make it unlikely that the two activities are quite separate. The finding that, in a single preparation, the apparent Michaelis constant (K~) for potassium activation of the phosphatase is different for different substrates (28) disposes of the difficulty that the apparent K~ for potassium activation of the ATPase may be different from that for potassium activation of the phosphatase, though the cause of the variation is obscure and itself presents an interesting problem.
The experiments to be reported here were mostly done in the first half of 1967, and were designed to answer the question: Are the properties of the ouabain~sensitive efflux of potassium compatible with the notion that this efflux represents a reversal of the final stage or stages of the transport ATPase system? If entry of potassium by the pump system is associated with dephosphorylation and the release of inorganic phosphate into the cell, we might expect an outward movement of potassium by the system to require the presence of intracellular inorganic phosphate. To test this, we first loaded cells with ~K by incubating them with the tracer in a balanced salt solution for 5-6 hr. The omission of glucose from the loading solution ensured that at the end of the incubation the cells had a fairly high content of inorganic phosphate; the A T P level would have been low but not zero. After this preincubation, the cells were washed and incubated for a further hour in unlabeled salt solutions with and without inosine and with and without ouabain. Inosine enters red cells very rapidly and reduces the concentration of inorganic phosphate by undergoing phosphorolysis to hypoxanthine and ribose phosphate (30, 31) . As may be seen from Table I , in the presence of inosine the ouabain-sensifive potassium efflux was reduced or abolished. In the presence of ouabain, inosine had no further effect on the flux. Measurements of inorganic phosphate in a parallel experiment showed that inosine (10 mM) reduced the intracellular phosphate concentration from 3.3 na~ to 78 tzM within 15 min. It might be suggested that inosine produced its effect on potassium effiux by (indirectly) raising the concentration of A T P rather than by lowering the concentration of inorganic phosphate, but this is un- likely. In similar experiments, glucose had no significant effect on the potassium efflux yet restored active sodium efllux to a normal level, which suggests that A T P was restored to a level not far from normal.
Having demonstrated an effect of internal phosphate, we then measured the efflux of potassium from phosphate-rich cells immersed in high-and low-phosphate media. As expected, the level of phosphate in the medium had no significant effect on the potassium effiux either in the presence or in the absence of ouabain. A further experiment, in which potassium effiux was allowed to occur into a medium initially free of inorganic phosphate, showed that the ouabain-sensitive loss of potassium was not associated with a measurable extra loss of phosphate.
If the ouabain-sensitive effiux of potassium ions is mediated by carriers, it is interesting to ask how the carriers get back, and whether it is possible to block the effiux by preventing their return. Under physiological conditions, with potassium present in the outside solution, there is a large ouabain-sensitlve entry of potassium but no ouabain-sensitive entry of sodium. If potassium ions move out on carriers which cannot traverse the membrane unloaded, the carriers presumably return loaded with potassium. It follows that removal of potassium from the external solution should abolish the ouabain-sensitive potassium effiux, unless of course some other ion could substitute for potassium during the inward journey.
As a test of this prediction, cells were incubated in (high sodium) physiological salt solutions with and without potassium and with and without ouabain. In potassium-free solution the ouabain-sensitive flux was reduced, but only by about 25 %; in addition, there was a significant reduction in the ouabain-resistant efflux, though the reasons for this are obscure. In case the inward movement of carriers in the potassium-free solution was made possible by the presence of sodium ions in high concentration, the experiment was repeated using choline-based media. With these media, removal of external potassium completely abolished the ouabain-sensitive efflux (see Table II ). In a further experiment, ceils were incubated in potassiumtree media in which the major cation was either sodium or choline. In the sodium medium the ouabain-sensitive potassium effiux was 0. (4, 5) observed ouabain-sensitive incorporation of Pi into A T P in resealed ghosts, and it is possible that the ouabain-sensitive potassium efflux from intact cells under these conditions is associated with the backward running of the entire system, though there are difficulties about this interpretation. It is, perhaps, not very serious that the rate of ouabain-sensitive potassium loss from intact cells is very much greater than would be expected from the observed rate of ouabain-sensitive incorporation of orthophosphate into A T P in reseated ghosts. More worrying is the apparent equality between the ouabain-sensitive influx and efflux of sodium under these conditions (15) when one might expect reversal of the entire system to lead to a slight excess of influx over effiux. We have, however, not yet measured all the relevant fluxes on cells from the same batch at the same time.
The need for external potassium when the cells are incubated in a low-sodium medium suggests that in such a medium the carriers can get back only by carrying potassium. Even in high-sodium media containing 5 m.~ K, the absence of detectable ouabain-sensitive sodium influx suggests that only potassium ions are carried inward. It follows that, provided there is sufficient potassium outside, the ouabain-sensitive potassium efflux should be thought of as part of a potassium: potassium exchange, a view strongly supported by the observations of Post and Sen (32) on potassium entry into sodium-depleted red cells. Taken together, then, the experiments reported here show that the properties of the ouabain-sensitive potassium efflux are compatible with the idea that this efflux represents a reversal of the last steps of the transport ATPase reaction. If this view of the efflux is correct, the occurrence, under physiological conditions or in lowsodium media, of ouabain-sensitive potassium efflux unaccompanied by ouabainsensitive sodium influx implies that these final steps can be reversed independently of the rest of the system. Unfortunately, this interpretation of the experiments depends on a rather major assumption. The conclusions are based entirely on changes observed in the ouabain-sensitive potassium efflux, and ignore the unexplained changes in the ouabain-resistant flux. Curious effects of external cations on passive permeability in fluoride-or lead-treated red cells have been described by Lepke and Passow (33, 34) , and it may be that the changes in ouabain-resistant flux in our experiments are related to these. Another possibility is that very small changes in the number of cells suffering prehemolytic loss of potassium led to appreciable changes in the estimated rates of potassium efflux. In view of these possibilities there is no reason to believe that the observed changes in ouabain-resistant flux had anything to do with the pump, even though we are unable to prove their irrelevance.
